Neuroglial cells are homeostatic neural cells. Generally, they are electrically non-excitable and their activation is associated with the generation of complex intracellular Ca 2+ signals that defi ne the "Ca 2+ excitability" of glia.
The concept of a specifi c signaling system connecting the ER and plasmalemmal Ca 2+ entry pathways emerged in the late 1970s [1] [2] [3] and was formalized by Jim Putney within the next decade [4, 5] . This concept postulated that: (1) Fig.1 and [6] [7] [8] [9] [10] ). At least two sets of plasmalemmal channels mediate SOCE, the Ca 2+ -release activated channels mediating the current known as I CRAC [11] [12] [13] and transient receptor potential (TRP) channels [14] [15] [16] . It is now generally accepted that the I CRAC channel is formed by a family of homologous proteins, named Orai (after the Greek goddesses, who were the keepers of heaven's gate [17] ). Three of these proteins (Orai [8] for details and further references accumulation by the ER and mitochondria [24, 25] .
TRP channels, however, may also contribute to the SOCE mechanism. In particular, STIM1 can interact with several TRPC isoforms and activate TRPC1 and TRPC3 channels [7, [26] [27] [28] . The TRP-mediated currents are of course very different from I CRAC in their gating, conductance and permeation; TRP channels are cation-permeable and do not have strict Ca 2+ selectivity.
Store-Operated Ca 2+ Entry in Neuroglia
Neuroglial cells (which include highly heterogeneous astrocytes, oligodendrocytes, NG2 cells and microglia in the central nervous system, and myelinating and nonmyelinating Schwann cells, satellite glia, enteric glia and olfactory ensheathing cells in the peripheral nervous system) are homeostatic neural cells [29] [30] [31] . Generally, neuroglial cells are electrically non-excitable and their activation is associated with the generation of complex intracellular Ca 2+ signals and propagating Ca 2+ waves that define the "Ca 2+ excitability" of glia [32, 33] . As in other nonexcitable cells, glial Ca 2+ signaling is primarily associated with ER Ca 2+ release [33] ; consequently neuroglial cells are in full possession of the SOCE mechanism.
Glial (and particularly astroglial) glutamate receptors have generated specifi c interest in the last decade, mostly because of the role of glutamate as the principal excitatory neurotransmitter in the CNS. Several types of ionotropic and metabotropic receptors have been discovered in glial cells; these include AMPA and NMDA ionotropic receptors [34] [35] [36] and several types of metabotropic receptors of which mGluR5 has been considered to govern ER-originating Ca 2+ signaling [37, 38] . Recently however, it was found that the expression of glutamate receptors undergoes substantial remodeling during ageing and maturation [39, 40] .
Astrocytes
The SOCE mechanism is ubiquitously expressed in astroglia (Fig. 2) [46, 47] . Astroglial SOCE is highly localized with the sites of Ca 2+ entry close to the ER that arguably ascertains effective replenishments of the stores [43, 45] . The SOCE mechanism has also been identified in pathologically remodeled glia, in particular in glioblastoma cells [48] .
The molecular identity and biophysical properties of SOCE in astroglia remain to be fully characterized.
The classical I CRAC has not been hitherto recorded from astrocytes. The expression of Orai/STIM1 in astroglial cells has only been found in vitro. In the glioblastoma cell line U373 MG mRNAs for Orai1 and STIM1 have been detected; however their contribution to the SOCE has not been directly confirmed [49] . The STIM1 and Orai1
proteins have been identifi ed in primary cultured rat cortical astrocytes. Their role in SOCE following activation of protease activated receptor (PAR) with thrombin has been substantiated based on (1) detection of STIM1 puncta, (2) decrease of SOCE following in vitro PAR knockdown with siRNA, and (3) increase of SOCE following Orai1/STIM1 over-expression [50] .
There is also substantial evidence for a role of TRP channels in the generation of astroglial SOCE. Various types of TRP channels including several TRPC isoforms have been found in astrocytes [43, 44, 51, 52] . Manipulations with the TRPC1 isoform (that is known to be obligatory for channel formation) substantially affects SOCE in cultured astrocytes. For example siRNA knockdown of the TRPC1 gene reduces SOCE following depletion of the ER stores in astrocytes [43] . Similarly, inhibition of TRPC1 function with a specifi c antibody inhibits [Ca 2+ ] i transients following stimulation with ATP affecting primarily the plateau phase of the response (Fig. 3A) . Hence, immunological blockade Removal of extracellular Ca 2+ eliminates the plateau phase; after restoration of Ca 2+ into the extracellular medium, complete recovery of the plateau occurs. Reproduced with permission from [48] . (Fig. 3B, C) . Importantly, store-operated activation of TRP channels results in a substantial Na + infl ux which may link the activation of metabotropic receptors and ER Ca 2+ release with astroglial Na + signaling [53] .
Oligodendroglia and NG2 cells
Very little experimental evidence on SOCE in cells of the oligodendroglial lineage has been accumulated. Storeoperated Ca 2+ influx is detectable in oligodendrocyte 
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precursor cells (OPCs) in culture where it is involved in the regulation of proliferation. It should be noted that TRPC1 is also important for astrocytic proliferation in cell culture [43] .
Nonetheless, the SOCE in these OPCs is positively modulated by golli protein, which belongs to the basic myelin protein family [54] . This golli protein has been reported to interact with STIM1 proteins [55] as well as with TRPC1 channels, the latter being also shown to mediate SOCE in OPCs [56] .
Microglia
The SOCE mechanism is widespread in microglia;
stimulation of various types of metabotropic receptors (such as P2Y purinoceptors, PARs, platelet-activating factor receptors (PAFRs), complement fragment receptors, endothelin receptors, and lysophosphatidic acid receptors) triggers transient ER Ca 2+ release, which is followed by a long-lasting plateau of elevated Ca 2+ that is almost entirely mediated by SOCE (see for example [41, [57] [58] [59] and [60] for further references). SOCE in microglia demonstrates a peculiar phenomenon of long-lasting activation following strong stimulation of metabotropic receptors. This phenomenon was initially found in cultured microglia stimulated with supramaximal doses of ATP or UTP that activate P2Y 2/4 purinoceptors and result in full depletion of the ER Ca 2+ store. This induces a persistent activation of SOCE that lasts for tens of minutes (Fig. 4) . During this period, the ER signaling is inhibited because neither metabotropic stimulation nor exposure to thapsigargin, a SERCA blocker, is able to produce an additional [Ca 2+ ] i signal [61] . Long-lasting SOCE activation also occurs in microglial cells stimulated with phorbol ester, and with brain-derived neurotrophic factor [62, 63] . Similar mechanism may also account for the long-lasting elevation of [Ca 2+ ] i in
elevation is accompanied by suppressed Ca 2+ release from the ER [64] . The long-lasting elevation in [Ca 2+ ] i that can be mediated by chronically activated SOCE has been suggested to be fundamentally important for regulating various aspects of microglial activation [64] . The longlasting [Ca 2+ ] i increase is found in microglia treated with another activating agent, interferon-γ [65] , in microglia treated with toxic β-amyloid fragment (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) [66] and also in microglial cells isolated and cultured from the human post-mortem brains from Alzheimer's disease patients [67] .
Whether such a chronic increase in [Ca 2+ ] i is mediated by activation of SOCE, remains, however, unclear.
Furthermore, in microglial cells isolated from Alzheimer's post-mortem brains, the SOCE following PAFR stimulation is substantially reduced, although the duration of the ATPinduced response is much increased [67] . The sustained, chronic SOCE activation is also speculated to be related to chronic activation of microglia in neuropsychiatric disorders [68] . Moreover, microglial SOCE has been reported to be regulated by mitochondria because inhibition of mitochondrial peripheral benzodiazepine receptors with the agent PK11195 reduces Ca 2+ entry following the activation of PAFRs [69] .
The molecular and biophysical identity of microglial SOCE has been studied in cultured cells. A current very much resembling I CRAC, with an amplitude of ~1.3 pA/pF, has been recorded in mouse microglia in vitro. The amplitude of this current is reduced to 0.5 pA/pF 48 h after activation of microglia by treatment with lipopolysaccharide [70] . Similarly, I CRAC (with very high Ca 2+ -selectivity of P Ca /P Na > 1 000) has been detected in cultured rat neonatal microglia. These cells also express mRNA for all three Orais and it has been [61] ).
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suggested that the Orai1/STIM complex is responsible for I CRAC generation [71] .
Microglial cells also express a wide variety of TRP channels. RT-PCR of cultured rat microglia reveals the following rank of mRNA expression TRPM7 > TRPC6 > TRPM2 > TRPC1 > TRPC3 ≥ TRPC4 > TRPC7 > TRPC5 > TRPC2 [71] . High levels of expression of mRNA for TRPM2
have been detected in rat microglial cells in vitro and these channels are supposed to be activated by hydrogen peroxide and intracellular injection of ADP-ribose [72] .
Primary cultured rat microglial cells have also been found to express TRPV1 channels as demonstrated by RT-PCR, Western blot analysis and immunocytochemistry [73] .
Nonetheless, there are no clear indications that TRP channels mediate SOCE in microglia.
Conclusions
The SOCE mechanism is functionally expressed in all types of CNS neuroglial cells. The molecular identity of the neuroglial SOCE has not yet been identifi ed unequivocally, although it seems that the STIM/Orai-composed I CRAC is predominantly expressed in microglia, whereas astrocytes and oligodendrocytes rely more on TRP channels to produce SOCE. 
